35 °C for 24 h. Bacterial isolates were streaked on nutrient agar medium supplemented with silver nitrate (AgNO 3 ) covering the range from 0.5 to 30 mM. The plates were then incubated at 35 °C for 24 h (Das et al., 2013) . After the incubation period, brown colonies growing on 30 mM AgNO 3 were selected and stored on nutrient agar slants supplemented with the same concentration of AgNO 3 .
Identification of the most tolerant bacterial isolates by 16S rRNA gene sequencing
The recovered isolate was identified by 16S rRNA (Edwards et al., 1991) where colony PCR was carried out to amplify the 16S rRNA gene for the selected isolates. A loopful of culture grown overnight was transferred to 50 µL of sterile distilled water and boiled for 5 min and 1 µL of cell suspension was used as the DNA template for PCR reaction. PCR was performed using Fermentas DreamTaq Master Mix according to the instruction manual. The universal primers PA (5'-AGAGTTTGATCCTGGCTCAG-3') and PH (5'-ACGGCTACCTTGTTACGACT-3') were used to amplify 1600 bp. The PCR conditions were adjusted to 5 min for initial denaturation at 94 °C followed by 25 cycles of 1 min at 94 °C, 1 min at 61 °C, and 1 min at 72 °C, and finally 7 min at 72 °C. The PCR products were subjected to electrophoresis on 1% agarose gel, visualized by staining with ethidium bromide dye, and examined by gel documentation system InGenius 3 (Syngene).
PCR products were purified using a QIAGEN extraction kit according to the manufacturer's instructions before applying them to the DNA sequencer. Sequencing was performed at the Animal Health Research Institute, El Dokki, Egypt, using an automated fluorescent dye terminator sequencing method employing a DYEynamic ET Terminator Cycle Sequencing Kit (Amersham Pharmacia Biotech, ABI 3130).
All sequences were compared with accessible sequences in the database using BLAST software. Multiple sequence alignment and computation of sequence similarity were conducted using ClustalW within the BioEdit program.
Biosynthesis of silver nanoparticles
Flasks containing 100 mL of nutrient broth medium were inoculated with 100 µL (10 8 CFU) of the selected bacterial isolates and incubated at 35 °C and 180 rpm for 24 h. The bacterial cultures were then centrifuged at 7000 rpm for 10 min. Bacterial pellets were collected, washed twice with sterile double-distilled water, and sonicated for 120 s with 3 intervals of 40 s each using an ultrasonic homogenizer (4710 series, Cole-Parmer Instruments Co.). Bacterial cell lysate supernatant was mixed with 1 mM AgNO 3 solution and incubated in light at 35 °C for 24 h (Ganesh Babu and Gunasekaran, 2009) .
AgNO 3 (1 mM) and bacterial cell lysate supernatant without AgNO 3 served as controls and were kept under the same conditions. After the incubation period, the mixtures were observed for the presence of brown color, which indicated the positive formation of AgNPs (Priyadarshini et al., 2013) . 2.5. Characterization of silver nanoparticles 2.5.1. UV-Vis spectrometry Brown-colored solutions were scanned to detect the presence of the specific peaks (400-450 nm) for AgNPs using an Evolution 201 Scan UV-visible spectrophotometer (Thermo Scientific). Double distilled water was used as blank in setting up the base line.
X-ray diffraction (XRD)
Samples were obtained in a powder form using a freeze dryer (Edwards, model RV5) . The specimens were analyzed in angular range from 10° to 80° (2θ) using the Shimadzu XRD-6000 computerized diffractometer operating at 50 keV and 25 mA throughout the measurements (Physics Department, Faculty of Science, Ain Shams University).
Fourier transform infrared spectroscopy (FTIR)
The organic bonds responsible for reduction, capping, and stability of AgNPs were examined using FTIR (Nicolet 6700) in the spectral range of 400-4000 cm -1 with resolution of 4 cm -1 .
Dynamic light scattering (DLS)
The particle sizes of AgNPs in the solution were measured by the DLS technique using a PSS-NICOMP particle sizer 380ZLS at the Egyptian Atomic Energy Authority. 2.5.5. High-resolution transmission electron microscopy (HRTEM) The AgNPs' shapes and sizes were investigated by HRTEM at the Egyptian Petroleum Research Institute using a JEOL 2100 electron microscope operating at an accelerating voltage of 200 KV. 2.6. Optimization of AgNP production Different physicochemical factors were investigated to optimize the AgNP production. These factors included the reaction duration (0, 1, 2, 3, 4, 5, 6, 20, 24, and 48 h), temperature (25, 35, 45, 60 , and 100 °C), pH (2, 3, 4, 5, 6, 7, 8, and 9) , volumes of bacterial lysate supernatant (5, 10, 20, 30, 40 , and 50 mL), and different AgNO 3 concentrations (1, 2, 3, 4, 5, 1/2, 1/4, and 1/8 mM). All factors were tested under light. All factors were tested in sequence and the result from each experiment was implemented in the next one.
Stability of AgNPs
The stability of the produced AgNPs was tested over a storage period of 6 months in the dark. A spectrophotometer (UVVis) was used to detect variations in the absorption peaks.
Antimicrobial activity of AgNPs
Biosynthesized AgNPs were centrifuged at 20,000 rpm for 10 min. The supernatant was decanted and pellets were further freeze-dried (Edwards, model RV5) . The AgNP powder was suspended in sterile deionized water. The antibacterial activity was tested against the three gramnegative bacteria, E. coli ATCC 25922, E. coli 0157:H7 ATCC 35150, and Salmonella typhimurium ATCC 13311, along with two gram-positive bacteria, Staphylococcus aureus ATCC 43300 and Listeria monocytogenes ATCC 35152. Agar well diffusion assay and microtiter plates were used to determine the minimum inhibitory concentration (MIC) using 0, 5, 10, 25, 50, 75, and 100 µg of AgNPs (Wiegand et al., 2008) .
Statistical analysis
The statistical analysis of microbiological activity was carried out using Microsoft Excel 2013. All data were calculated from at least three replicates and the standard errors for each datum were plotted.
Results

Isolation and identification of silver tolerant bacterial isolate
Thirty-seven isolates were recovered from nutrient agar media supplemented with 0.5 mM AgNO 3 . Only one isolate, designated as Ism26, was able to tolerate 30 mM AgNO 3 and was considered as a potential candidate for the synthesis of AgNPs.
The colony color of Ism26 changed from buff to brown when grown on nutrient agar supplemented with AgNO 3 . The selected bacterial isolate (Ism26) was subcultured on nutrient agar medium supplemented with 30 mM AgNO 3 throughout this study. Preliminary identification of the bacterial isolate Ism26 indicated that it belonged to Enterobacter sp. 3.2. Molecular identification of the selected bacterial isolate PCR of 16S rRNA followed by partial sequence analysis identified isolate Ism26 as Enterobacter cloacae (99% similarity), and consequently it was submitted to GenBank under accession number KP988024.
Biosynthesis of AgNPs
In order to investigate the ability of E. cloacae Ism26 to synthesize AgNPs, it was grown in dark and light conditions. Observation of color change from colorless to brown and the detection of the characteristic peaks at 400-460 nm were considered indicators for the presence of AgNPs. Growth in the light only resulted in the formation of AgNPs. Moreover, AgNPs were formed by mixing bacterial lysate supernatant of sonicated pellets with 1 mM AgNO 3 followed by incubation under light with maximum absorption peak at 440 nm ( Figures 1A and 1B) .
Effect of reaction incubation time
A gradual increase in the intensity of brown color was observed by increasing the incubation time until 48 h. Data indicated that the time required for maximum production of AgNPs by E. cloacae Ism26 was 20 h with maximum absorbance peak at 440 nm ( Figure 2A ).
Effect of reaction temperature
The optimum temperature for AgNP synthesis was 35 °C. It was also observed that increasing the temperature resulted in red shift of the absorption maximum ( Figure  2B ).
Effect of pH
The optimum AgNP synthesis was observed at pH 7, whereas the absorption decreased in both acidic and alkaline pH ( Figure 2C ). 3.7. Effect of different volumes of bacterial lysate supernatants Maximum synthesis of AgNPs was detected when 40 mL of E. cloacae Ism26 bacterial lysate supernatant was mixed with AgNO 3 solution ( Figure 2D ).
Effect of different AgNO 3 concentrations
The optimum AgNO 3 concentration for AgNP synthesis was 1 mM ( Figure 2E ). As the AgNO 3 concentration increased from 0.125 to 1 mM, the absorption peak increased and became sharper. However, further increase in AgNO 3 concentrations up to 5 mM resulted in shoulder (wide) peaks with lower absorbance as compared to that of the 1 mM peak.
Stability of AgNPs
The AgNPs were stored in the dark as a liquid solution at 4 °C. Only minor shifts were observed up until 180 days, which reflected the highly stable nature of the produced AgNPs ( Figure 2F ). 3.10. Characterization of AgNPs 3.10.1. High-resolution transmission electron microscopy (HRTEM) HRTEM micrographs of the synthesized AgNPs showed that the size ranged from 7 to 25 nm and most particles were spherical with an average size of 15 nm (Figure 3 ).
X-ray diffraction (XRD)
Freeze-dried AgNPs synthesized by E. cloacae Ism26 (Figure 4 ) exhibited peaks at 2θ of 37.57°, 46.33°, 65.05°, and 76.80°.
Dynamic light scattering (DLS)
AgNPs synthesized by E. cloacae Ism26 exhibited a narrow particle size range, from 5 to 50 nm, as shown in Figure 5 . The mean diameter of AgNPs was 20.7 nm (SD: ±11). The particle size distribution showed that 25% were less than 15.8 nm, 50% less than 20.6 nm, 75% less than 28.2 nm, and 90% less than 37.9 nm (Figure 5 ). , suggesting the presence of NH and OH groups from the capping compounds. The peaks at 1640 cm -1 and 1515 cm -1 were due to C-C and N-H stretching vibrations of amide II in the protein linkage. The band at 1386 cm -1 was due to C-N stretching vibration of aliphatic amines. 3.11. Antibacterial activity of AgNPs AgNPs synthesized by E. cloacae Ism26 significantly inhibited both gram-positive and gram-negative bacteria to different extents (Figure 7) . The lowest concentration needed to inhibit the bacterial growth completely (MIC) using the synthesized AgNPs was determined using an overnight culture of both gram-positive and gram-negative bacteria (Table) . E. coli ATCC 25922 was inhibited by 25 µg, followed by Staphylococcus aureus ATCC 43300 and Salmonella typhimurium ATCC 13311, which were inhibited by 50 µg, and then E. coli 0157:H7 ATCC 35150 and Listeria monocytogenes ATCC 35152, which were inhibited by 75 µg.
Discussion
In this work, isolation of bacteria was carried out on a nutrient agar medium supplemented with different concentrations of AgNO 3 . The gradual increase in the concentration of AgNO 3 in the nutrient agar medium resulted in isolation of bacteria that were able to tolerate high concentrations of AgNO 3 . All bacterial cultures showed a change in color from creamy to brown. This could be due to the accumulation of silver inside the bacterial cells. A similar observation was demonstrated using Staphylococcus aureus, Pseudomonas aeruginosa, and E. coli O157:H7, which were grown on AgNO 3 -supplemented media. Lara et al. (2010) reported that this color change was an indication of silver resistance. The concentration of 30 mM used in this study was higher than that used in a previous study in which multidrug-resistant Pseudomonas aeruginosa tolerated 25 mM AgNO 3 (Lara et al., 2010) .
In the present study, the bacterial isolate that tolerated a high concentration of AgNO 3 was selected and identified as Enterobacter cloacae Ism26 (accession number KP988024).
The E. cloacae Ism26 AgNPs were produced only by sonicated cell lysate supernatant, but both culturefree supernatant and bacterial pellets did not produce AgNPs. This could be explained by the absence of the extracellular enzymes needed for AgNO 3 reduction. Some earlier reports indicated that cell-free supernatants of gram-negative bacteria, e.g., K. pneumoniae and E. coli, as well as gram-positive bacteria, such as Bacillus indicus and Bacillus cecembensis, were able to synthesize AgNPs (Mokhtari et al., 2009; Natarajan et al., 2010; Shivaji et al., 2011) . Another study reported that AgNPs synthesis was carried out by whole bacterial cells (Seshadri et al., 2012) . Synthesis of AgNPs was reported by Parikh et al. (2008) , using growing cultures of Morganella spp. Moreover, Bacillus strain CS 11 was able to synthesize AgNPs both extracellularly and intracellularly (Das et al., 2013) . Taking all these results collectively, it is possible to suggest that the components of the bacterial culture capable of synthesizing AgNPs vary according to bacterial species.
The present results showed that AgNP synthesis was successful under light incubation only and light might be a fundamental factor in the AgNP biosynthesis process. This is in good agreement with previous studies on both gramnegative and gram-positive bacteria (Mokhtari et al., 2009; Natarajan et al., 2010; Shivaji et al., 2011) . Light was found to support the AgNP synthesis by Klebsiella pneumoniae and the reaction did not show any color change when it took place in the dark (Mokhtari et al., 2009) . These results accentuate the role of light as an essential factor for some bacterial species in order to synthesize AgNPs. Nonetheless, a recent report demonstrated the synthesis of AgNPs under dark conditions by Streptomyces platensis (Morsy, 2015) .
It is widely accepted that the ability of bacteria to synthesize AgNPs depends on two major factors: the first one is the availability of the proper enzymatic machinery, whether on the bacterial wall or inside the cell. The second factor is the presence of light, which facilitates the synthesis process (Nam et al., 2008) . The effect of light may be attributable to the activation of reducing agents present in the culture supernatant, which in turn would cause the release of electrons for the reduction of Ag + to Ag 0 nanoparticles (Wei et al., 2012) . It is worth mentioning that Eby et al. (2009) reported that hen egg white lysozyme was involved in the formation of AgNPs in the presence of light. However, the involvement of enzymatic activities in the formation of AgNPs in the dark was also reported (Kumar et al., 2007) .
The incubation period for optimum AgNPs synthesis needed by E. cloacae Ism26 was found to be 20 h. This is considered shorter than the time required by K. pneumoniae and E. coli, which required a 24-h incubation period (Minaeian et al., 2008) . The variation in the incubation period could be related to the conditions under which AgNP synthesis takes place (Eloff, 1998; Minaeian et al., 2008; Narayanan and Sakthivel, 2010) .
Among the factors that affected the AgNP biosynthesis by E. cloacae Ism26 were temperature and pH values. The present results showed that temperature had an appreciable effect on the synthesis rate and the size of AgNPs. Similar results were demonstrated by Bai et al. (2011) and Jeevan et al. (2012) using Rhodobacter sphaeroides and Pseudomonas aeruginosa, respectively, and the optimum temperature for AgNP synthesis was found to be 35 °C. Two other reports indicated that E. coli (Gurunathan et al., 2009) and Bacillus subtilis EWP-46 (Velmurugan et al., 2014 ) required a higher temperature (60 °C) to synthesize AgNPs.
Our results showed that the optimum pH for AgNP synthesis was attained with a neutral medium. This coincide with previous results using Bacillus stratosphericus (Hosseini-Abari et al., 2014) and Enterobacter sp. (Sinha and Khare, 2011) . By comparing the peaks obtained in alkaline and acidic media for AgNP synthesis, a blue sharper shift with smaller particle sizes was obtained in alkaline medium, whereas in acidic medium, AgNP peaks exhibited a red wider shift, were larger in size, and existed in a small amount. In addition, in alkaline pH lower absorbance was detected. This could be explained by the increase in nucleation process rate as a result of a large number of OH ions causing the synthesis of smallsized AgNPs in large amounts (Kalimuthu et al., 2008; Tripathy et al., 2010; Khalil et al., 2014) . These results may also be explained by using one of the most acceptable hypotheses for silver nanoparticle synthesis by bacteria, which attributed the bacterial ability to synthesize AgNPs to the presence of the nitrate reductase enzyme, which is sensitive to pH and temperature variations. A previous study proposed the secretion of NADH and NADPHdependent nitrate reductase enzyme that is responsible for reduction of nitrate to nitrite, shuttling an electron to the silver ion reducing Ag + to Ag 0 and synthesizing silver nanoparticles (Kumar et al., 2007) .
The change in the bacterial lysate supernatant volume correlated with the peak formation pattern. This could be attributed to the amount of reducing agents present in the bacterial lysate supernatant, which, in turn, increased the amount of AgNPs synthesized.
The AgNO 3 concentration affected the synthesis process of AgNPs, which is similar to previous reports conducted using Bacillus subtilis EWP-46 and Pseudomonas veronii AS41G, revealing that 1 mM AgNO 3 was the optimum concentration for biosynthesis of AgNPs (Jeevan et al., 2012; Baker et al., 2015) . Studies by Tripathy et al. (2010) 
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Bacter a D ameter of nh b t on zone (mm) and Hosseini-Abari et al. (2014) showed that the optimum concentration of AgNO 3 depended on the bacterial species. In the present work, the AgNPs synthesized by E. cloacae Ism26 were found to be stable for 6 months, while AgNPs synthesized by B. cereus were found to be less stable (Ganesh Babu and Gunasekaran, 2009 ). This high stability is an advantageous feature in industrial and medical applications and supports the use of E. cloacae Ism26 in AgNP synthesis.
Very small-sized (7 to 25 nm) AgNPs were obtained by E. cloacae Ism26 with a characteristic spherical shape. This nanoparticle size range is similar to that synthesized by cyanobacteria and Klebsiella pneumoniae (Lengke et al., 2007; Mokhtari et al., 2009; Bansal et al., 2010; Ramanathan et al., 2011) . The FTIR spectra displayed different functional groups as the peak at 3464 cm -1 was assigned to NH stretching and 2360 cm -1 was associated with the amine C-N stretching. Other peaks at 1642, 1514, and 1386 in the region of 1000-1800 cm -1 corresponded to the amide I-III bands of polypeptide/proteins and symmetric stretching of COO- (Shahverdi et al., 2007; Kalishwaralal et al., 2010) . These spectra suggest that the E. cloacae Ism26 lysate supernatant protein plays a major role in the reduction of Ag + to AgNPs. Kumar et al. (2007) and Kalimuthu et al. (2008) suggested that similar functional groups seized silver ions and served as stabilizing agents as well as nucleation sites for AgNP synthesis.
The results of XRD showed that the AgNP crystals were face-centered cubic (fcc) in structure. Similar results were obtained by AgNPs synthesized using Pseudomonas veronii AS 41G and Bacillus subtilis EWP-46 (Velmurugan et al., 2014; Baker et al., 2015) . Other insignificant peaks were also observed, suggesting crystallization of bioorganic materials on the surface of the AgNPs (Khalil et al., 2014) .
DLS was used to determine the size range of the synthesized AgNPs and the data indicated that particle size was in the nanometer range (5 to 50 nm). This was in agreement with previous work by Ramanathan et al. (2011) .
AgNPs synthesized by E. cloacae Ism26 exhibited antibacterial activities against both gram-positive and gram-negative bacteria. The difference in response may be related to the structural variation of the cell wall between gram-positive and gram-negative bacteria and the nature of the chemical groups that are challenged by AgNPs (Sondi and Salopek-Sondi, 2004; Jagtap and Bapat, 2013) . As our results indicate, AgNP concentration of 75 µg/mL inhibited the growth of all tested bacteria. A previous study used a higher concentration, up to 180 µg/mL, against E. coli, Staphylococcus aureus, and Salmonella typhimurium to achieve the same effect (Sondi and Salopek-Sondi, 2004) . Other biologically synthesized AgNPs failed to inhibit either Staphylococcus aureus or Salmonella typhimurium (Jagtap and Bapat, 2013) . The efficacy of AgNPs synthesized by E. cloacae Ism26 at a relatively low concentration may be related to their small average size and shape. In support of this assumption are the results of earlier studies, which indicated that the smaller the size of AgNPs, the lower the dose needed to cause inhibition (Sondi and SalopekSondi, 2004; Suchomel et al., 2015) . Also, the spherical nanoparticles were found to possess higher antibacterial activity than that of the rod-shaped or triangular nanoparticles (Pal et al., 2007) .
In conclusion, the bacterial lysate supernatant of E. cloacae Ism26 when mixed with AgNPs under light conditions was able to synthesize small-sized spherical AgNPs. These AgNPs inhibited the growth of both grampositive and gram-negative bacteria significantly at low concentrations and had a stable shelf life of 6 months. These features give the AgNPs synthesized and investigated in this study promising potential and a wide array of possible applications.
